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ABSTRACT 

Ea r th ' s  moon is the   l a rges t   i n   t he   so l a r   sys t em  r e l a t ive   t o  i t s  parent 
body, the  Earth,  and  can  have s ign i f i can t   e f f ec t  on the  path of a spacecraf t  
f lying  c lose  by.   This   effect ,  when planned to   benef i t  a specif ic   mission,  i s  
ca l led   lunar   g rav i ty  assist (LGA) , and  assumes tha t  one  aims  the  spacecraft 
towards  the Moon i n  such a way tha t   t he  Moon's g rav i t a t iona l   pu l l  w i l l  a l t e r  
the   spacecraf t ' s   course   in  a favorable manner. 

The f i rs t  appl ica t ion   of  LGA was in  the  Apollo  program,  where  the 
command and lunar  modules (and  as t ronauts)  were propel led  to   the Moon such 
t h a t ,  i f  no additional  course  changes were made, they would swing  around  the 
backside of the  Moon a t  a c e r t a i n   a l t i t u d e  and  be flung  back  to  Earth  to  enter 
the  atmosphere a t  a spec i f ied   loca t ion   in   the   Pac i f ic   ocean .   This  LGA was an 
e s sen t i a l  element saving  the  l ives  of the  astronauts on Apollo 1 3 .  

This  paper w i l l  i l l u s t r a t e   t h e   b a s i c  mechanics of g r a v i t y   a s s i s t ,  and 
l ist  the many appl icat ions where it has been  used effect ively  over   the  past  30 
some years .  These include  missions  to  the  sun and Ea r th   l i b ra t ion   po in t s ,  
r ed i r ec t ing  a spacecraf t  from  one of these   po in t   to  a comet encounter,  and 
enhancing  payloads by providing  an  energy  boost by the Moon. 

More recently,   studies  and  actual  missions have shown the   benef i t s  of 
LGA i n :  (1) a s s i s t i n g   l u n a r   c a p t u r e ,  ( 2 )  reposit ioning  geosynchronous 
communications s a t e l l i t e s ,  ( 3 )  boost ing  spacecraf t   to   Earth  escape  and 
depar ture   to   p lane ts  and other  solar  system  bodies,  and ( 4 )  allowing  small 
spacec ra f t   t o  be launched as  secondary  payloads and released  into  almost a 
random o r b i t  from which  each may depart  and maneuver in   space  with  .gravi ty '  
a s s i s t s  from the  Earth and Moon t o  perform a spec i f ic   p lane tary   o r   o ther  
mission.   This   la t ter   appl icat ion is a recent development by the  author and is  
being  applied i n  2002 and la ter   years ,   wi th   piggyback  f l ights  on the  Ariane 5 
which launches  comsats t o  GEO. 

"""""_ 
* To be presented a t   t h e  High Frontier  Conference X I V  t o  be  held a t  Princeton 

University,  Princeton, NJ,  May 6-9, 1999 ,  and  sponsored by the Space  Studies 
I n s t i t u t e .  
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